To evaluate the safety and effectiveness of the Seldinger technique by non-urology trained (NUT) doctors for difficult male indwelling urinary catheter (IDC) insertions.
Introduction
The inability to pass a male indwelling urinary catheter (IDC) is a common urological problem that urologists will often be called upon to assist. Difficult catheterisation can be due to urethral narrowing from an enlarged prostate or a urethral stricture. A study of urological residents in the USA showed that >50% receive three or more referrals a week for difficult urinary catheterisations [1] . There is a paucity of techniques for overcoming this problem described for non-urology trained (NUT) doctors [2] and this becomes a major issue for hospitals or healthcare centres where there are no readily available urological services. Forceful urinary catheterisation attempts can be dangerous, resulting in urethral trauma and false passages, which make subsequent catheterisations even more difficult. Coude tip catheters are one good alternative solution but are limited in that they can still cause false passages and three-way Coude tip catheters are still not widely available when larger irrigation catheters are required (e.g. for clot retention) [3] . Other techniques such as the use of introducers can be dangerous in untrained hands and together with flexible cystoscopy are reserved for urologists. Although suprapubic catheter insertion is relatively simple, many NUT doctors are unfamiliar with this technique [4] [5] [6] and they will not be adequate in patients with clot retention.
The Seldinger technique for IDC insertion was first described in 1989 by Krikler et al. [7] , and involves placement of a guidewire under direct vision during flexible cystoscopy and threading an IDC with its tip removed over the guidewire into the bladder. This technique was further improved in 1995 by Blitz [8] , where the IDC was punctured by an i.v. cannula to facilitate threading of the guidewire, and insertion of the guidewire without direct vision of flexible cystoscopy was advocated by Freid and Smith [9] . Despite limited evidence, the Seldinger technique has now been used by urologists and urological trainees for >25 years and is a safe, versatile technique that can be adapted for a range of IDC indications [1, 10] . Kaynar et al. [11] , have described a similar technique using an i.v. cannula to facilitate the passage of the guidewire. The use of the Seldinger technique by nonurologists has very limited evidence. Zammit and German [12] , advocated the Seldinger technique as described by Freid and Smith [9] for use by emergency care physicians and Chiou et al. [13] described the same technique for nurses; however, neither publications provided any evidence on its success rate or complications when performed by nonurologists [14] . To date there has been no literature evaluating the use of the Seldinger technique for IDC insertions by NUT doctors.
Our present study aimed to provide the first evaluation of the Seldinger technique for IDC insertion by NUT doctors as a safe and versatile technique and also evaluated the use of video media for education of this technique without direct bedside instruction, which is important for remote sites where urology services are not available.
Patients and Methods

Ethical Considerations
Institutional Review Board approval for this project was authorised (Project 0715-057C) by the New South Wales (NSW) Health Central Coast Local Health District Research Committee, and this project was registered with the NSW Health Central Coast Local Health District Clinical Governance Office. All participants gave written informed consent.
Participants and Recruitment
Participants were recruited from 1 February 2015 to 31 January 2016 from the two public teaching hospitals (Gosford District Hospital and Wyong Hospital) of the Central Coast Local Health District, NSW, Australia and their two affiliated private hospitals (Gosford Private Hospital and Brisbane Waters Private Hospital). Gosford District Hospital is the major regional referral hospital for the Central Coast Region (population 330 000) with a 24-h on-call urological service. Wyong Hospital and the two affiliated private hospitals do not have an on-site or on-call urological service and urological issues are referred to Gosford District Hospital if there are no urologists in the hospital.
Patients and participating NUT doctors were recruited by the urological registrar or urologist, when contacted in regards to failed IDC insertion. Inclusion criteria for patients were male, age >18 years and who had had a failed attempt at IDC insertion by a doctor. Exclusion criteria were if the patient had underwent a radical prostatectomy (RP) within the past 3 months. Inclusion criteria for doctors were that they must not be a urologist or a registrar on an accredited urological training programme.
Intervention Protocol
The Seldinger technique for IDC insertion involves passing a straight, hydrophilic guidewire into the bladder without direct vision and the subsequent passage of a catheter over the guidewire. In addition to the usual equipment required for IDC insertion, this technique requires a straight, hydrophilic ureteric guidewire and a 14-18 G i. This technique can be divided into five steps:
Step 1: Guidewire priming (guidewire, 10 mL syringe and 10 mL water). The guidewire is lubricated with 10 mL sterile water.
Step 2: IDC preparation (IDC, 14-18 G cannula and 10 mL lignocaine gel/lubricant gel).
1 Gel is injected down the inner length of the IDC for lubrication. 2 A 14-18 G cannula is passed through the side port to puncture the tip of the IDC (Fig. 1A ). The needle is removed leaving the plastic cannula in the IDC.
Step 3: Guidewire insertion. The guidewire is inserted through the penile urethra into the bladder, with~50% of the wire (75-100 cm) inserted.
Step 4: Back-feed guidewire.
1 The end of the guidewire is passed through the cannula (Fig. 1B ). 2 The cannula is removed. 3 The guidewire is passed down the main port and advanced down the length of the IDC.
Step 5: IDC insertion.
1 The guidewire is held straight whilst advancing the IDC. 2 The guidewire is removed once the IDC is in position. 3 The IDC is confirmed to be in the bladder by aspirating with a syringe until urine flows.
All cases had to be discussed with a urological registrar or urologist. Instruction to the NUT doctor using the Seldinger technique was either via bedside instruction or a 3 min 50 s video, which was available via YouTube© (https://youtu.be/YIZ86hVDCvk) for education at remote sites (Video S1).
Outcome Measurement
The primary outcome assessed was the successful passage of an IDC using the Seldinger technique by a NUT doctor. Variables known to cause difficult IDC insertions (e.g. radiotherapy to prostate, previous prostate surgery, urethral trauma/blood in meatus) were analysed as predictive factors for failure of the Seldinger technique.
Statistical Analysis
Data were analysed with Predictive Analytics SoftWare Statistics 23.0 (IBM, Chicago, IL, USA). Descriptive statistics were used to characterise patients and participating NUT doctors.
Normality tests were performed on all continuous variables. Comparisons between groups for normally distributed variables were performed with parametric ANOVA tests followed by post hoc Tukey's Honestly Significant Difference tests. The independent samples t-test was used when only two groups were being compared. Variables that were not normally distributed were analysed with non-parametric Kruskal-Wallis tests for comparison between multiple groups and followed with Mann-Whitney U-tests with a Bonferroni correction. Fisher's exact test was used for discrete variables.
Results
Patients and NUT Doctors
In all, 115 patients and 57 NUT doctors were recruited. The patients had a mean (range) age of 77.1 (31-97) years, 45.2% had had a previous IDC inserted, 7.8% had had previous radiotherapy to the prostate, 30.2% had had a previous TURP, and 2.6% had had a previous RP. There were no differences in patient demographics between the different hospital sites ( Table 1 ). The indications for IDC placement were acute urinary retention (54.3%), clot retention (32.8%), and fluid balance monitoring (12.9%). The indications for IDC were similar across the two public hospitals. All cases at the private hospitals were for routine preoperative insertions, reflective of the majority case mix of elective surgery at these institutions. Patients had a mean of 2.2 (95% CI 1.9-2.4) attempts at IDC insertion prior to recruitment.
The 57 NUT doctors were involved with a wide variety of previous experience. 12.3% were interns, 43.9% were resident medical officers, 31.6% registrars, and 12.3% consultants. In all, 24.4% of the NUT doctors were female and each had performed a median of 30 (average of 64.4) IDC insertions previously (range 0-500). Doctors in the private hospital were all consultants with more experience with IDC insertions and the use of the Seldinger technique for other procedures (Table 2) .
Seldinger Evaluation
In all, 93% (107/115) of cases had successful placement of an IDC with the Seldinger technique by a NUT doctor. There was no difference in the success rates between the different sites (Table 3) . No immediate or short-term complications with the Seldinger technique were recorded using the Clavien-Dindo system in success groups. As discussed below, eight failed cases required intervention not under anaesthesia for catheterisation. In all, 30.4% of cases were directly supervised by a urology registrar or urological surgeon in attendance (but performed by the NUT doctor), although this only occurred at the primary regional referral hospital where urology cover is available (P < 0.001). In all, 38% of cases occurred outside of normal working hours. Of the 69.6% of IDC insertions that occurred when the urology registrar or urologist was not in attendance, the technique was explained over the phone together with the use of our instructional YouTube video.
Half of all the cases were performed by our urology junior medical officers and overall 60% of cases were performed by interns or resident medical officers (postgraduate year [PGY] 1 and 2). Although these junior medical officers require initial bedside instructions and anecdotally require more assistance © 2017 The Authors BJU International © 2017 BJU International 23 on performing the first insertion, subsequently they were independent and successful on later insertions.
Of the eight cases where the Seldinger technique was unsuccessful, five cases had successful guidewire insertion by the NUT doctor but required urethral dilatation by the urology registrar using a bedside 'S-shape' dilator after confirmation of urine through a 5-F open-ended ureteric catheter. The remaining three cases had unsuccessful placement of the guidewire with one requiring the use of an introducer and two requiring IDC placement in operating theatres using flexible cystoscopy. There were false passages noted from initial traumatic attempts of catheterisations. No patient, doctor or procedural factors were predictive of failure (Table 4) .
Discussion
The present study is the first to validate the use of the Seldinger technique for IDC insertion by NUT doctors. Previous studies have only evaluated the use of the Seldinger technique for IDC insertion by urologists and these have been limited by small sample sizes and single institution study designs [1, 9, 15, 16] .
Our present study showed that the Seldinger technique is highly successful and versatile, with the ability to overcome difficult IDC insertions for a range of indications. Our participating NUT doctors had a wide range of experience across the participating sites, highlighting that the Seldinger technique is easily mastered by all doctors regardless of their Mann-Whitney U-test; ‡ Urology interns or residents on a 10-week urology rotation, not on an official accredited urology training programme.
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© 2017 The Authors BJU International © 2017 BJU International previous experience or speciality. In all, 93% of cases in the present study were successful using the Seldinger technique, with 70% of these cases being performed without the need for bedside supervision by a urologist or urological registrar.
The high success rate of the Seldinger technique in the hands of NUT doctors, even without direct urological supervision, can help reduce the workload of urologists by decreasing the number of consults they receive for difficult IDC insertions. Importantly, the Seldinger technique can help decrease the number of unnecessary transfers to the referral hospitals with urological services, particularly relevant in rural or remote healthcare centres around Australia. In our present study, 23/26 cases of difficult catheterisation in our regional district hospital (Wyong Hospital) did not require transfer, as 88% of these cases had successful placement of the IDC by the NUT doctor without the need for attendance by a urology registrar or urologist. Three patients were transferred due to unavailability of a NUT doctor to perform the Seldinger technique and not due to the failure of the technique. This has important implications for cost and resource savings for the health services and allows patients to have improved clinical care with safe IDC insertions performed in a timely manner.
The present study supports the current literature regarding the use of the straight hydrophilic guidewire as a safe tool that does not cause further damage to the urethra. Blood in the meatus caused by the initial attempts of IDC insertion typically indicates urethral injury and possibly false passage formation. Unlike Coude tip catheters or introducers, the Seldinger technique is safe for use by NUT doctors in the presence of existing false passages or urethral trauma. This is because the guidewire, in unsuccessful attempts to pass into the bladder, invariably results in the curling of the guidewire back to the external urethral meatus. Whilst this can lead to more attempts at passing the guidewire into the bladder before it is successful, the Seldinger technique will not [3, 5, 9, 11] and also in our present study. Even with the additional difficulty of urethral trauma, the Seldinger technique was highly successful, as blood in the meatus was not predictive of failure of the Seldinger technique. We envisage our present study will encourage NUT doctors to use the Seldinger technique rather than attempting to force urinary catheters, which can have a high risk of urethral injury and false passage formation. In our centres, we have witnessed a cultural change with NUT doctors utilising the Seldinger technique earlier and anecdotally there have been less observed urethral injuries.
Our present study has shown that video media, disseminated via YouTube is a viable method of education for procedures such as the Seldinger technique. Previous studies on the use of video media for the education of medical procedures have identified that YouTube is an excellent platform with the advantages of a large user base, instant publication of work, and simple navigational tools for users [17, 18] . The availability of YouTube on a wide range of devices, such as personal portable media devices e.g. smart phones, makes accessing video media remarkably simple [19, 20] . This resulted in a high uptake of video media as the main educational tool in our present study for both the initial education of the Seldinger technique and as a multimedia learning tool, allowing 70% of the difficult catheterisations in our present study to be done without the direct supervision of a urology registrar or urologist for this urological emergency. The success of remote education of the Seldinger technique via video media has important implications for education of NUT doctors in regional or remote areas where there are no urological services. We also have held a workshop with a male pelvis model and received good feedback reflecting the importance of the use of simulation in urology [21] .
One disadvantage of this technique is the cost of the guidewire; however, this is likely to be negated through a decrease in the cost of afterhours call back for the urological registrar, less urethral injuries requiring further management, and decreased cost of consumables associated with multiple failed IDC attempts. A cost-analysis has not been performed in our present study and should be addressed in future studies. Another limitation of our present study is that there was no randomisation or control intervention. Anecdotally, the use of the Seldinger technique has improved patient experiences with difficult urinary catheterisation, although patient satisfaction was not assessed in our present study and should be addressed in any future studies.
In conclusion, our present study is the first to show that the Seldinger technique for difficult male IDC insertion is a safe, versatile, and easy method to learn for NUT doctors. It should be disseminated for use by non-urologists to improve patient safety. Promoting and disseminating a new technique rapidly is often difficult without organisational support. The USANZ, as an bi-national Australian and New Zealand organisation, is well placed to initiate dissemination and promotion of this safe IDC technique through a public awareness campaign and online education [22] . We have shown that this technique can be taught via video education without direct urological supervision. This has important implications for hospitals and health services where urological services are not readily available and can help decrease the workload of urologists and urological registrars. Our present study has validated the use of the Seldinger technique, arming NUT doctors with an additional tool to provide patients with an effective and safe experience of urinary catheterisation. We hope that this technique will be implemented by many hospitals and improve the safety and standard of care for male catheterisation.
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